= 0 



A 



CO: 



\0] 



UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

new nonprovisional applications under 37 CFR § 1.53(b)} 



I ^ 



Attorney Docket No. 


2000B010 ^ = 




lnventor(s) or Application Number 


Paul E. Burton = 


so 


Title 


Process For Hydrolyzing Di-isopropyl Ether To IsoprdtM^cg 
Bv Catalytic Distillation Usinq A Solid Acid Catalyst = 


=50J 


Express Mail Label No. s 





APPLICATION ELEMENTS 



Fee Transmittal Form (e.g., pto/sb/i7) 
(Submit an original, and a duplicate for fee processing) 



14 



2. M Specification Total Pages 

(preferred arrangement set forth below 

- Descriptive title of the Invention 

- Cross References to Related Applications (if any) 

- Background of the Invention 

- Brief Summary of the invention 

- Brief Description of the Drawings (if filed) 

- Detailed Description 

- Claim(s) 

- Abstract of the Disclosure 



3. 13 Drawing(s) (35 u.s.c 113) Total Sheets 

4. Oath or Declaration Total Pages 
a. □ Newly executed (original or copy) 



b. □ Copy from a prior application (37 c.F.R.§ 1.63(d) 
(for continuation/division with Box 15 completed) 
[Note Box 5] 

i. □ DELETION OF INVENTOR(S) 

Signed statement attached deleting 
inventor(s) named in the prior application, 
see 37 C.F.R. §§ 1.63(d)(2) and 1.33(b). 



ADDRESS TO: 



Box Patent Application 
Washington, D.C, 20231 



5. D Incorporation By Reference (useable if Box 4B is checked) 
The entire disclosure of the prior application, from which a copy of the oath or 
declaration is supplied under Box 4b, is considered to be part of the disclosure of the 
accompanying application and is hereby incorporated by reference therein. 

6. □ Microfiche Computer Program (Appendix) 

ACCOMPANYING APPLICATION PARTS 

7. □ Assignment Papers (cover sheet & document(s)) 

8. □ 37 C.F.R. § 3.73(b) Statement □ Power of Attorney 

(when there is an assignee) 

9. □ English Translation Document (If applicable) 

10. □ Information Disclosure Statement (IDS)/PTO-1449 

□ Copies of IDS Citations 

11. □ Preliminary Amendment 

12. S Return Receipt Postcard (MPEP 503) 

(Should be specifically itemized) 

13. □ Certified Copy of Priority Document(s) 

(if foreign priority is clainned) 

14. □ Other: 



15. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite infonnation below and in a preliminary amendment 
^ □ Continuation □ Divisional □ Continuation-in-part (CIP) 

i of prior application No: , from which priority is claimed under 35 U.S.C. § 1 20 

"Prior application information: Examiner Group Art Unit 



16. If a NONPROVISIONAL APPLICATION based upon a foreign or U.S. provisional application, priority is claimed from application 
No. , country , filed on . 



17. CORRESPONDENCE ADDRESS 



□Customer Number or Bar Code Label 



or M Correspondence address below 



(Insert Customer No. or Attach bar code label here) 



Name Exxon Chemical Company 



Address 



City 



P.O. Box 2149 



Baytown 



Country 




Texas 



Zip Code 77522 



Telephone 



281-834-1886 



I Fax I 281-834-2911 



Name (print/type) | Andrew.BJ3i;iff^ 



Registration No. (Attorney/Agent) 



36.336 



Signature 



Date 



February 29, 2000 



Utility Patent Apphcation Transmittal.doc 



2000B010.DOC 



TITLE OF THE INVENTION 

Process For Hydrolyzing Di-isopropyl Ether To Isopropyl Alcohol 
By Catalytic Distillation Using a Solid Acid Catalyst 

FIELD OF THE INVENTION 

The present invention is directed to a process for hydrolyzing di-isopropyl 
ether to isopropyl alcohol by catalytic distillation. 

BACKGROUND OF THE INVENTION 

Isopropyl alcohol ("IPA"; also known as isopropanol, 2-propanol, 
dimethylcarbinol, and sec-propyl alcohol) is an important commercial product. 
IPA finds use as a feedstock for other compounds, such as acetone, methyl 
isobutyl ketone, and isopropylamine, as a solvent in consumer products such as 
cosmetics and in industrial processes such as extractions, and also in medical uses 
such as disinfectants, antiseptics, liniments, and tinctures. 

Large volumes of alcohols and ethers are produced annually by the 
catalytic hydration of olefins, particularly by the Indirect Hydration Process or 
Acid Catalyzed Hydration Process, where mono-olefins are hydrated in the 
presence of polybasic mineral acids. Chief among these processes is the "Sulfuric 
Acid Process", in which the selected olefin feed is absorbed in a concentrated 
sulfuric acid stream to form an "extract" containing the corresponding alkyl ester 
of the sulfuric acid. Thereafter, water is admixed with the ester-containing extract 
to hydrolyze the ester and form the desired alcohol and ether, which are then 
recovered, generally by stripping with steam or some other heating fluid in an 
alcohol generator. See, for instance, Kirk-Othmer, Encyclopedia of Chemical 
Technology, 4th Ed., Vol. 20, pp. 216-236; U.S. 2,663,679; or U.S. 2,638,440, 
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The di-isopropyl ether ("DIPE"; often referred to as "isopropyl ether" or 
"IPE") produced in these conventional processes is much less valuable than the 
IPA co-product. Accordingly, numerous proposals have been made to increase the 
IPA/DIPE ratio. 

U.S. Pat. No. 2,105,508 relates to a process for producing DIPE by 
absorption of propylene. The extract liquid is passed from the absorption tower 
and introduced, after the addition of water or steam (to compensate for the water 
reacting to form the ether) to one of a series of ether generating pots, each 
equipped with steam coils. A vaporous product containing DIPE and IPA, is 
withdrawn, treated in a soda scrubber and passed to a distillation tower. Unreacted 
propylene is recovered as overheads in the distillation tower and can be recycled 
to the absorber. A sidestream of condensed ether vapors is withdrawn from the top 
of the distillation tower, and an IPA-containing liquor is formed as bottoms 
product. The alcoholic bottoms is then, with or without removal of water, refluxed 
to the ether generating pots or passed to fiirther refining as alcohol. Spent acid 
liquor remaining in the ether generating pots is recycled to the absorber. Reflux of 
the alcoholic bottoms to the ether generating pots is said to permit more accurate 
control of the ether generating conditions therein and to permit the acid to be 
concentrated to a higher strength before recycle to the absorber. 

British Pat. No. 535,1 1 1 relates to a process for manufacture of ethers from 
olefins in which the sulfiiric acid extract liquid is removed from the absorbing 
tower and is partially stripped in a stripping tower to form an ether-alcohol 
overhead mixture and a partially stripped extract as bottoms. The overhead 
mixture is passed to a separate tower for separation of the ether and to form an 
alcohol-containing bottoms. These alcohol-containing bottoms from the last tower 
are combined with the partially stripped extract, and sufficient water is added to 
make up that used in the formation of the ether. The resulting liquid stream is then 
recycled as the absorbate to the top of the absorbing tower. 

U.S. Pat, No, 2,216,931 relates to aliphatic ethers including DIPE. 
According to the patent, such ethers are produced by a process in which the 
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sulfuric acid extract containing olefin is split into two portions: a first portion is 
passed, after addition of water, to a stripping tower for formation of a vaporous 
overhead comprising the corresponding alcohol; and a second portion is fed 
directly to a reaction tower, together with the vaporous alcohol overhead formed 
in the stripping tower. In the reaction tower a liquid overhead stream is 
withdrawn and then passed to a generator for formation of vapors, which are then 
fed into a fractionating tower for recovery of the DIPE product as overhead and to 
form a bottoms product comprising IP A. This alcohol bottoms is then admixed 
with the stream containing the alcohol vapors withdrawn from the stripping tower 
for feed to the reaction tower. 

In U.S. Pat. No. 2,533,808 the extract liquid is diluted with water and then 
passed to an alcohol generator for formation of dilute sulfuric acid as bottoms and 
to form overhead vapors comprising IPA and DIPE. This vapor product is then 
treated to separate the IPA as product and to recover the DIPE, which is recycled 
to the absorbing stage. In this process, the production of IPA can be increased by 
the recycle of the DIPE. 

In U.S. Pat. No. 2,609,400 the propylene sulfiiric acid extract liquid is 
stripped, without dilution with water, in a generator-stripper to form a mixture of 
ether and alcohol vapors. The partially stripped acid extract is then admixed with 
sufficient water (which can be added as steam via the steam injection into the 
stripper) to replace the water consumed in forming the alcohol and ether thus 
removed. Careful regulation of the extract temperature, steam temperature and 
pressvire, and use of hot stripping gas is required to so control the heat balance of 
the generator-stripper to avoid dilution of the acid. Partially stripped acid extract is 
withdrawn from the generator-stripper and recycled to the olefin absorber, 
together with make-up acid as required. The ether/alcohol vapors withdrawn from 
the generator-stripper are scrubbed with a caustic solution to remove entrained 
acid, and the acid-free vapors are then condensed. The condensate, which 
comprises predominantly isopropyl alcohol, can be distilled to separate DIPE, 
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which can be at least in part admixed with the partially stripped acid extract for 
recycle to the absorber. 

In U.S. Pat. No. 2,994,721 the extract is passed into an ether generation 
zone from which vapors comprising predominantly DIPE are withdrawn as 
overhead. The remaining liquids are then diluted with water and fed to an alcohol 
generator for formation of overhead vapors comprising IP A and some DIPE. 
Dilute acid is withdrawn as bottoms product from the alcohol generator for 
concentration and subsequent recycle to the absorbing stage. 

In German Offenlegungsschrift No. 2,759,237 propylene is absorbed in 
sulfuric acid to form an extract which is then treated to liberate the ether and 
alcohol. After separation of the alcohol, the ether is recycled to make more 
alcohol. 

None of the foregoing processes are readily adaptable to vary appreciably 
the ratios of co-product isopropyl alcohol and di-isopropyl ether. In addition, 
most suffer in that recycling invariably results in recycling of impurities which 
have a negative effect on the process sooner or later. 

A greater increase in the IPA/DIPE ratio is taught in U.S. Pat. No. 
4,471,142. Propylene is contacted in an absorbing zone with aqueous sulfuric acid 
for formation of a liquid extract comprising sulfuric acid containing absorbed 
propylene values (i.e., all species in the mixture containing propyl or propylene 
moieties). The extract is contacted with a carefully controlled amount of water and 
the resulting hydrated extract is passed to an ether generating zone. Here, the 
hydrated extract is treated to liberate vapors containing DIPE and to form a liquid 
bottoms product comprising a depleted sulfuric acid extract containing absorbed 
propylene values and having a sulfuric acid concentration at least equal to the acid 
concentration in the extract liquid. The depleted extract is divided into two 
streams. The first stream is passed to an alcohol generator, after addition of water, 
to form an overhead product comprising predominantly isopropyl alcohol and a 
bottoms product comprising a dilute sulfuric acid stream. The second portion of 
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said bottoms product is recycled to the absorbing zone. However, this method still 

produces DIPE in the amount of about 10% by weight. 

Numerous patents are directed to the production of alcohols from ethers 

wholly separate from these olefin hydration processes. For instance, U.S. 
5 1 ,602,846 relates to a process for converting methyl ether, obtained by the 

hydrolytic decomposition of methyl chloride, to methyl alcohol by reacting the 

former with steam over a refractory oxide in a tube. There is no distillation 

contemplated. Rather, methyl alcohol is recovered from the cooled reaction 

mixture by scrubbing with water. Furthermore, the patent explains that the 
10 process disclosed therein is "not applicable to all ethers". 

U.S. 2,1 15,874 teaches that the process taught in the aforementioned U.S. 

1,602,846 is inoperative for the treatment of ethyl ether and higher ethers. This 

patent teaches an appropriate catalyst for vapor phase hydration of alpihatic ethers. 

The aliphatic ether is mixed with water vapor and the mixture of reactants is 
1 5 passed over a catalytic mass in a reaction zone at elevated temperatures. After 

leaving the reaction zone, the liquid condensate is fractionally distilled to separate 

the alcohol from the ether, 

U.S. 3,634,534 teaches a process specifically envisioned to be used to 

separate linear olefins from tertiary olefins. A mixture is fed to a first distillation 
20 column reactor wherein tertiary olefins are reacted with an alcohol (such as 

methanol). Alcohol is removed from the lower part of the second distillation 

column reactor and recycled back to the first distillation column reactor. 

U.S. 4,250,328 teaches separation of an ester from a reaction mixture 

comprising an ester, alcohol, organic acid, and water. The unreacted alcohol is 
25 removed as an ester- water azeotrope overhead. 

Other processes include: U.S. 4,581,475, which teaches producing a lower 

aliphatic alcohol by splitting ethers over a catalyst in the presence of water; U.S. 

5^043,486 teaching a method of producing alcohols from ethers without the use of 

catalysts; and yet another process is taught by U.S. 5,571,387, using an apparatus 
30 comprising a distillation zone and adsorption zone. 
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None of the aforementioned patents teach a process involving utiHzing a 
catalyst set within a distillation column, i.e., "catalytic distillation". It has been 
suggested in the past to apply catalytic distillation to various processes, such as 
butene isomerization (US 2,403,672); the hydrolysis of low molecular weight 
5 olefin oxides to produce mono-alkylene glycols (see US 2,839,588); the 

production of methyl tertiary butyl ether (MTBE; see US 3,634,535); and the 
production of tetrahydrofuran (see U.S. 4,079,068). In general the term "catalytic 
distillation" (or "reactive distillation") covers any distillation or fractionation 
process or apparatus wherein the distillation column contains a catalyst for 

10 chemical conversion during separation. 

Recognized advantages attributed to the catalytic distillation concept 
include a decrease in the capital cost of the plant needed to perform the process, 
the ability to achieve a higher degree of conversion, and the ability to perform 
processes which formerly were performed only in a batch type operation on a 

15 continuous basis. 

The use of an aqueous acid contacting a substrate within a distillation 
column is taught in U.S. 2,045,785. In this process, steam and ether are 
introduced together at the bottom of a distillation column. An aqueous acid 
solution is introduced at the top of the distillation column. A "catalytic contact 

20 zone" is formed by the distillation column packing, and the alcohol is recovered in 

the acid liquor, which is then sent to a distillation column where the alcohol is 
removed overhead, along with unreacted ether. This mixture is then sent to 
another distillation column, where the alcohol and ether are separated. It is taught 
that "if the catalyst is allowed to continuously concentrate", a large percentage of 

25 olefins results. The aspect of avoiding concentration of the catalyst is explicitly 

claimed. In a second embodiment, the reactor distillation column is at such a 
temperature that the alcohol and unreacted ether are taken overhead, and the acidic 
liquor is taken as bottoms. 

US 4,232,177 teaches a method using catalytic distillation wherein a 

30 mixed feed stream of isobutene and normal butene is fed into the lower end of a 
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distillation column and methanol is fed into the upper end of the same column, the 
column being packed with a fixed bed catalyst. Methyl tertiary butyl ether 
(MTBE) is the product. 

U.S. 4,447,668 teaches passing a feed stream comprising alkyl tertiary 
5 butyl ether (such as MTBE) over a fixed bed catalyst to produce an isoolefin and 

alcohol. There is no water (or steam) used in the catalytic distillation column. 
The alcohol is separated from the dissociation product stream as a bottom fraction, 
and the alcohol depleted product stream is then contacted with a second catalyst to 
form diisobutene. 

10 U.S. 5,204,064 and 5,345,006 describe a method and apparatus for 

conducting catalytic distillation which allows for maintaining a liquid level in 
selected portions of the catalyst bed. In one embodiment, t-butyl alcohol is 
produced by the hydration of isobutylene Unreacted butylene, water, and inerts 
(e.g., other C4s) are taken overhead and TEA is recovered as bottoms. 

15 U.S. 5,585,527 discloses a process for separating a first component from a 

second component of a process stream in a "single vessel" including a "membrane 
separation zone" and a distillation zone. The distillation zone may contain a 
"separation catalyst". Specific applications envisioned include the separation of 
IPA and water in a process including forming DIPE from IPA. The patent also 

20 discloses the production of IPA from DIPE in an "IPA reactor that may be a 

stirred tank or fixed bed reactor. The effluent stream from this IPA reactor that is 
put through the "single vessel" reactor of the invention. 

However, none of these address production of IPA by catalytic distillation 
and none teach anything about improving hydration of olefins processes. Thus, 

25 the aforementioned problems concerning the IPA/DIPE ratio still remain to be 

solved. Moreover, there still remains the need for an efficient means of producing 
IPA from DIPE. 
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SUMMARY OF THE INVENTION 



The present invention relates to treatment of a stream including di- 
5 isopropyl ether (DIPE) from the catalytic hydration of olefins. The stream is fed 

below the acid catalyst-containing trays in a catalytic distillation tower and water 
is fed to the tower above the catalyst. As water and DIPE contact the catalyst, the 
DIPE is hydrolyzed to IP A, which is removed from the bottom of the tower as a 
dilute IP A/water stream. By avoiding the conventional recycling of DIPE, which 
10 contains all the light and heavy byproducts from the Sulfuric Acid Process, it 

avoids additional byproduct formation, prolongs the life of the catalyst used in the 
hydration of olefins, and improves the ratio of IPA to DIPE produced in the 
overall process. 

The present invention relates more generally to the production of IPA from 
1 5 DIPE by the catalytic hydration of the latter in a catalytic distillation column 

containing the solid acid catalyst. The IPA is removed as bottoms, and the 
overhead, which may contain a minimum boiling azeotrope of IPA, water, and 
DIPE, along with lights, water-volatile heavy material, and any propylene formed 
during the distillation reaction, are processed as described below in more detail. 
20 Thus, it is an object of the present invention to increase the amount of IPA 

recovered in a Hydration of Olefins Process, particularly the Sulfiiric Acid 
Process, without a negative effect on other parts of the process. 

It is a further object of the invention to provide a continuous process, not 
limited by chemical equilibrium, for the conversion of DIPE to IPA, wherein 
25 reaction products are continuously separated from the reactants and removed from 

the reaction zone by fractional distillation performed concurrently with the 
reaction. 

It is yet another object of the invention to provide a modification of the 
Sulfuric Acid Process whereby at least a portion of the stream comprising DIPE, 
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which is typically recycled in the process, is instead sent to a catalytic distillation 
tower whereby it is converted to IPA in high yield. 

These and other objects, features, and advantages of the present invention 
will become apparent as reference is made to the following detailed description of 
5 the preferred embodiments and accompanying figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is a schematic illustrating a preferred embodiment of the 
10 invention, where DIPE enters below the catalyst trays, water enters above the 

trays, and IPA is taken off as bottoms. 

Figure 2 is an alternative view of the bottom portion of the reactor 
according to the invention, wherein steam is introduced below the trays. 

15 DETAILED DESCRIPTION OF THE INVENTION 

Referring now in more detail to the preferred embodiment illustrated in 
Figure 1, catalytic distillation tower or colunrn 1 comprises one or more catalyst 
trays 2 and includes an intake for water 3 and feed stream 4, comprising DIPE 

20 from the Sulfuric Acid Process. The overheads, which may comprise unreacted 

DIPE, lights, water-volatile heavies, propylene, and various azeotropes including a 
IPA/DIPE/water azeotrope, are taken off at 5, and the bottoms, comprising dilute 
IP A/water mixture, are taken off at 6. 

Water feed 3 is preferably provided above the trays, as shown in Figure 1, 

25 but may also be provided below the trays as steam (inlet 21, as shown in Figure 2, 

described below in more detail). A combination of water and steam may be used. 
Water and steam may also be provided at various other points in column 1, 
depending on packing arrangements, as may be determined by one of ordinary 
skill in the art in possession of the present disclosure. 
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in the most preferred embodiment, DIPE feed 4 is from the Sulfuric Acid 
Process. In another preferred embodiment, the feed 4 may be from any process 
comprising the catalyzed hydration of olefins, including the Direct Hydration 
Process in which the olefin is hydrated in the presence of solid catalyst such as 
5 phosphoric acid. However, the DIPE feed may be from any source. 

Ahhough a plurality of trays 2 are shown in Figure 1, any number of trays 
may be used from one to several hundreds, depending also on the height of the 
column. In a more preferred embodiment about fifty trays are used. Each tray 
may contain catalyst. However, it may be beneficial that some of the trays do not 

10 contain catalyst. For instance, in a preferred embodiment, fractionation trays not 

containing catalyst are present above and below the trays containing catalyst. 

In an even more preferred embodiment, a fixed bed catalyst packing 
serves as both catalyst and distillation packing, such as in the form of rings (e.g., 
Raschig or Pall rings), saddles, balls, irregular pieces, sheets, tubes, spirals, 

15 packed in bags, plated on grills or screens, reticulated polymer foams, and the like. 

Another preferred embodiment is to provide the catalyst as a resin, which may be 
in granular or bead form, which may be placed in the distillation column 1 in 
numerous ways, as is known per se in the art. 

The catalyst used herein may be any solid material which is recognized for 

20 hydrolyzing ethers to the alcohol, such as solid acidic catalyst that can be used for 

olefin hydration. Examples include acidic ion exchange resins, such as 
Amberlyst® 15, supported mineral acids, such as phosphoric acid on a solid 
support, acidic zeolites, acidic alumina, and the like. A specific preferred example 
is alumina treated with aluminum sulfate (e.g., see U.S. Pat. No. 2,1 15,874). 

25 According to the invention, the reaction of DIPE and water in contact with 

the catalyst produces IP A according to Equation (1) below. 



[(CH3)2CH]20 + H^O <=> 2 (CH3)2CHOH 



(1) 



2000B010.DOC -11- 

This is an equilibrium reaction but is driven to the right in the catalytic distillation 
tower by removal of the product(s). A small amount of propylene is also 
produced. There is possibly some oligomerization of propylene to Q and higher 
oligomers, which can be minimized by increasing the amount of water present 
5 relative to DIPE via control of feed streams 3 and 4 and/or the concentration of 

DIPE in feed stream 4. 

One of the complicating factors in driving the reaction is that IP A and 
DIPE form numerous azeotropes (see Kirk-Othmer, supra), including a minimum 
boiling ternary azeotrope of IPA/DIPE/water, which is taken off in overheads 5. 

10 Along with this azeotrope is unreacted DIPE and also, when feed stream 4 is from 

the Sulfuric Acid Process, there will be lights, and water-volatile heavies. The 
term "lights" as used herein includes those species with a boiling point below IPA, 
such as acetone, and "heavies" includes those species with a boiling point above 
IPA. Water- volatile heavies are those species which, although having a boiling 

1 5 point above IPA, nevertheless are taken off in the overheads as an azeotrope with 

water. In the preferred embodiment of the present invention wherein the feed 4 is 
from the Sulfuric Acid Process, such water-volatile heavies include 2,6,8- 
trimethyl-4-nonanone, 2,6-dimethyl-4-heptanone, and the like. 

Preferred operating conditions for catalytic distillation tower 1 is a 

20 temperature range of from 150 to 600 °F (about 65 to about 315 ° C), more 

preferably 200-300 T (about 90 to about 150 '^C) and 14,7 - 1400 PSIA, more 
preferably 14,7 - 200 PSIA. In addition, it is preferred that the water/DIPE ratio in 
the system 1 be kept between about 1:1 and about 25:1, more preferably between 
1:1 and 20:1, even more preferably between 2:1 and 10:1, and still more 

25 preferably between about 3 : 1 and 7: 1 . 

Under these preferred operating conditions, when feed 4 is from the 
Sulfuric Acid Process, the lights normally will be propylene, any C4- C5 olefins, 
etc. These together with hexenes, C9 and higher olefins will go overhead (5). 
About 2/3 of any sec-butyl alcohol and methyl ethyl ketone present will go 

30 overhead, along with most of any C5 alcohols and ketones. About 90% of the C9 
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ethers will also go overhead, together with 80-90% of the C^^ ethers and 40-60% 
of any C9 and Cj2 ketones and C^r^^s ethers. There are also a number of "others", 
not identified otherwise, but which may be higher olefins, which go overhead to 
the extent of 80-90%. 

5 Numerous treatments of stream 5 are possible. In a preferred embodiment 

according to the present invention, the stream 5 is condensed and separated in 
apparatus 10. Apparatus 10 is preferably a conventional settler which allows for 
at least two liquid phases with appropriate drawoff lines and an overhead line for 
removal of vapor, e.g., propylene in stream 7. Apparatus 10 can be either a 

10 horizontal or vertical drum with both overall and interface level controllers, as are 

known per se in the art. The lower phase, taken off as reflux stream 9, contains 
DIPE, IPA, and water, while the upper phase, taken off as stream 8, would 
comprise water-insoluble olefins, higher ethers, and ketones, etc. 

Reflux stream 9 is recycled back into the catalytic distillation column. It 

1 5 may come into the column at one or more points relative to the trays, preferably 

from below the trays to about the middle of the column. In the preferred 
embodiment, reflux stream 9 is returned about in the middle of the array of trays 
2. 

In the preferred embodiment, initially the IPA in the overhead solubilizes 
20 the DIPE, olefins, ethers, etc., into the water phase, but as the total amount of 

these latter materials builds up, a second (upper) phase will form, which would 
contain some DIPE and some IPA. This upper phase is sent via stream 8 to a 
water Wash Tower, or Ether Washer, which is per se known in the art, to recover 
any IPA. Eventually a purge of a stream containing these byproducts, along with 
25 some DIPE, would need to be removed. 

In a preferred embodiment, additional IPA is added to column 1 to 
solubilize DIPE. In another preferred embodiment, some other solubilizing agent 
may be used, such as y-butyro-lactone. The addition of such a solubilizing agent 
may be made to column 1 at one or more points in the column, including by 
30 addition to stream 9, but is preferably made fi-om about the middle of the array of 
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trays 2 to above the trays, and more preferably at about the middle of the column, 
midway between the top and bottom trays (or packing). 

By continuous recycle of the lower phase , stream 9, IPA eventually will 
go out entirely with the bottoms IP A/water stream 11 . An alternative would be to 
5 send stream 9 to the ether washer, similar to the overhead streams from a heads 

tower, described more fully below. 

Utilizing recycle stream 9, conversion of DIPE to IPA of 90% or better can 
be achieved, more preferably 99%, and most preferably 99,9%o. 

1 0 IPA is removed from the bottom of the tower 1 through connection 6. As 

shown in the preferred embodiment of Figure 1, the IP A/water stream leaves the 
bottom of the tower and is sent in two directions. The product is withdrawn by 
stream 11 on level control and sent to the IPA finishing section (e.g., wherein IPA 
is further purified). The other portion is recycled via stream 12 where it is heated 

1 5 by live steam to the vapor state and retumed to the tower, preferably below the 

trays, such as via an inlet such as 21 shown in Figure 2. Recirculation can be 
accomplished either by use of a pump or by a thermosyphon reboiler. In another 
preferred embodiment shown in Figure 2, the IP A/water product 23 is removed 
from the tower bottom and sent only to the Finishing Section via stream 11, and 

20 live steam is injected through port 21 directly below the lower tray 22 . 

Further treatment of stream 11 may accomplished depending on various 
factors, such as the source of DIPE or the use requirements of the IPA product. 
Stream 11 may be sent to a heads tower or heads column, where IPA is separated 
from DIPE and other lights, if present, by extractive distillation with water, and 

25 then to the alcohol tower, where a water/IPA azeotrope is separated by azeotropic 

distillation from water. Such treatment is known per se in the prior art, such as 
U.S. Pat. No. 2,668,863. An alternative is to by-pass the heads tower and go 
directly to the alcohol tower. In addition, in series with one or more of the above, 
the stream 11 may be sent to a reactor to remove odor, e.g., as described in U.S. 
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Pat. No. 4,219,685, and/or then to a dehydration tower, such as described in U.S. 
Pat No. 4,161,429. 

In yet another preferred embodiment, a conventional heads tower is 
retrofitted with catalytic packing and/or trays. The heads tower, as described in 
the immediately preceding paragraph, has a feed containing both IP A and DIPE 
(along with other impurities depending on the source). One of ordinary skill in the 
art in possession of the present disclosure could easily retrofit such a column in 
order to improve the yield of IP A relative to DIPE. 

The present inventor has described in detail above a process for the 
conversion of DIPE to IPA in substantially 100% yield. It will be appreciated that 
in light of the above teachings, numerous modifications and variations of the 
present invention are possible. It is therefore to be understood that within the 
scope of the appended claims, the invention may be practiced otherwise than as 
specifically described herein. 
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CLAIMS 



1 . A process for hydrolyzing di-isopropyl ether comprising feeding a 
stream comprising di-isopropyl ether into a distillation column having therein a 

5 solid acid catalyst suitable for catalyzing the hydrolysis of di-isopropyl ether to 

isopropanol, and hydrolyzing said ether to isopropanoL 

2. The process according to Claim 1, further comprising taking off as 
bottoms a fraction comprising isopropanol and taking off as overheads a fraction 

10 comprising di-isopropyl ether. 

3. The process according to Claim 1, wherein said feed stream containing 
di-isopropyl ether is a stream from the catalytic hydration of olefins. 

15 4. The process according to Claim 3, wherein said feed stream is from the 

Indirect Hydration Process. 

5. The process according to Claim 4, wherein the feed stream is from the 
Sulfuric Acid Process. 

20 

6. The process according to Claim 1, wherein the feed stream comprises a 
mixture of di-isopropyl ether and isopropanol and wherein said distillation column 
is a retrofitted heads tower.. 

25 7. The process according to Claim 2, wherein the overheads fraction 

comprises unreacted di-isopropyl ether and an azeotrope of di-isopropyl ether, 
water, and isopropanol, and wherein said unreacted di-isopropyl ether and said 
azeotrope are recycled back into said distillation column. 
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8. The process according to Claim 1, wherein said di-isopropyl ether feed 
stream enters the distillation column below said catalyst and wherein water is fed 
into the distillation column above said catalyst. 



5 9. The process according to Claim 1 , wherein steam and said feed 

comprising di-isopropyl ether enter the distillation column below said catalyst. 

10. The process according to Claim 1, wherein said catalyst is selected 
from the group consisting of an acidic ion exchange resin, supported inorganic 
10 acids, acidic alumina, and acidic zeolites. 



1 1 . The process according to Claim 1, wherein said process is continuous 
and wherein the conversion of di-isopropyl ether to isopropyl alcohol is 
substantially 100%. 

15 

12. The process according to Claim 1, wherein the ratio of water to DIPE 
in said distillation column is between about 2: 1 to about 10:1. 



13. In a process for the catalyzed hydration of olefins wherein di- 
20 isopropyl ether is produced, the improvement comprising diverting at least a 

portion of a stream comprising di-isopropyl ether from a recycle stream into a 
catalytic distillation colxamn, whereby the di-isopropyl ether is hydrolyzed by 
water in the presence of a suitable catalyst to produce isopropanol. 



25 



14. The process according to Claim 13, wherein the conversion of di- 
isopropyl ether to isopropyl alcohol is substantially 100%. 
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ABSTRACT 

The invention relates to the production of isopropyl alcohol from di- 
isopropyl ether by catalytic distillation. The process solves, in particular, 
problems associated with the Sulfuric Acid Process. 
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FIG. 2 



